Multiple Sequence Alignment

Sequences

> Yeast YOR020c
mstllksaksivplmdrvlvqrikagaktasglylpe
knveklngaevvavgpgftdangnkvvpavkvgdqvl
ipafggstiklgnddevilfrdaeilakiakd

> Neurospora crassa
mattvrsvksliplldrvlvqrvkaeaktasgiflpe
ssvkdlneakvlavgpgaldkdgkrlpmgvnagdrvl
ipgyggspvkvgeeeytlfrdseilakiae

> Aspergillus nidulans
msllrnvknlaplldrvlvgrvkpeaktasgiflpes
svkegneakvlavgpgavdrnggripmgvaagdrvly
pafggsplkigeeeyhlfrdseilakine

> Schizosaccharomyces pombe (fission yeast)
matklksaksivplldrilvqrikadtktasgiflpe
ksveklsegrvisvgkggynkegklagpsvavgdrvl
lpayggsnikvgeeeyslyrdhellaiike

> Mortierella alpina
masritkfsktivpmmdrvlvgrikpggktasgiyip
ekagealnegyvvavgkglttgegkvvpselaegdkv
11ppyggsvvkvdneelilfreseilakiq

> Crypthecodinium cohnii
matgiakrftplldrvlvqrlkpeaktasglflpesa
akapnyatvlavgpggrtrdgdilpmnvkvgdkvvvp
eyggmtlkfedeefqvfrdadimgilne

> Drosophila melanogaster
maaaikkiipmldriligraealtktkggivlipekav
gkvlegtvlavgpgtrnastgnhipigvkegdrvllp
efggtkvnlegdgkelflfresdilakle

> Homo sapiens
aggafrkflplfdrvlversaaetvtkggimlpeksq
gkvlgatvvavgsgskgkggeigpvsvkvgdkvllpe
yggtkvvlddkdyflfrdgxilgky

vlkplgdrvvievieteektasgivlpdtakekpgeg
rvvavgkgrvldsgervapevevgdriifskyagtev
kydgkeylilresdilavig

> Mycobacterium tuberculosis
makvnikpledkilvganeaetttasglvipdtakek
paegtvvavgpgrwdedgekripldvaegdtviysky
ggteikyngeeylilsardvlavvsk

> Mus musculus (house mouse)
magqafrkflllfdrvlversaaetvtkggimlpeks
qgkvlgatvvavgsggkgksgeiepvsvkvgdkvllp
eyggtkvvlddkdyflfrdsdilgkyvn
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Multiple Sequence Alignment (MSA) S /\ . Why MSA?
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* Proteins are often related to a larger group (i.e., a

Homo —~AGOAFRKFLPLFDRVLVERSAAETVTKGGIMLPEKSQGKVLOATVVAVGSGSK-GK 55 l f :

Mus MAGOAFRKFLLLFDRVLVERSAAETVTKGGIMLPEKSQGKVLOATVVAVGSGGK-GK 56 faml Y) o Pr'OTQmS

DrOSOphila ———-MAAAIKKIIPMLDRILIQRAEALTKTKGGIVLPEKAVGKVLEGTVLAVGPGTRNAS 56

Neurospora -MATTVRSVKSLIPLLDRVLVORVKAEAKTASGIFLPESSVKDLNEAKVLAVGPGAL-DK 58 . . . ey
Aspergillus ——MSLLRNVKNLAPLLDRVLVQRVKPEAKTASGIFLPESSVKEQNEAKVLAVGPGAV-DR 57 ® MUH’lple Sequence Gllgnmen'l' 1S more Sensn’lV@ fhan
Crypthecodinium ---MATGIAKRFTPLLDRVLVORLKPEAKTASGLFLPESAAKAPNYATVLAVGPGGR-TR 56

Yeast MSTLL-KSAKSIVPLMDRVLVORIKAQAKTASGLYLPEKNVEKLNQAEVVAVGPGFT-DA 58
Schizosaccharomyces MATKL-KSAKSIVPLLDRILVORIKADTKTASGIFLPEKSVEKLSEGRVISVGKGGY-NK 58

pairwise alignment for detecting homologs

Mortierella MASRITKFSKTIVPMMDRVLVORIKPQOKTASGIYIPEKAQEALNEGYVVAVGKGLT-TQ 59 A . A X

Geobacillus mmmmmm——ee VLKPLGDRVVIEVIETEEKTASGIVLPDTAKEKPOEGRVVAVGKGRVLDS 50 . M l d d d f

Mycobacterium  ————eo MAKVNIKPLEDKILVQANEAETTTASGLVIPDTAKEKPQEGTVVAVGPGRWDED 54 SAs can elucidate conserved resi ues, moti s, or
S SR other functional regions in a protein

Homo GGEIQPVSVKVGDKVLLPEYGGTKVVLD--DKDYFLFRDGXILGKY--= 99

Mus SGEIEP KVGDKVLLPEYGGTKVVLD--DKDYFLFRDSDILGKYVN- 102 . P I f h l M I M

Drosophila TGNHIPIGVKEGDRVLLPEFGGTKVNLEGDOKELFLFRESDILAKLE-- 103 ° MSA is critical for p y OgeneTIC ana YSIS

Neurospora DGKRLPMGVNAGDRVLIPQYGGSPVKVG--EEEYTLFRDSEILAKIAE- 104 .

Aspergillus NGORIPMGVAAGDRVLVPQFGGSPLKIG--EEEYHLFRDSEILAKINE- 103 - Selection of sequences

Crypthecodinium DGDILPMNVKVGDKVVVPEYGGMTLKFE-~DEEFQVFRDADIMGILNE- 102

Yeast NGNKVVPQVKVGDQVLIPQFGGSTIKLGN-DDEVILFRDAEILAKIAKD 106 - Multiple sequence alignment of sequences

Schizosaccharomyces EGKLAQPSVAVGDRVLLPAYGGSNIKVG--EEEYSLYRDHELLAIIKE- 104

Mortierella EGKVVPSELAEGDKVLLPPYGGSVVKVD--NEELILFRESEILAKIQ-- 104 - Tr‘ee building

Geobacillus GE-RVAPEVEVGDRIIFSKYAGTEVKYD--GKEYLILRESDILAVIG-- 94

Mycobacterium GEKRIPLDVAEGDTVIYSKYGGTEIKYN--GEEYLILSARDVLAVVSK- 100 - Tree evaluation
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i\\‘ | Unweighted Pair Group Method with
j’,{ A\ Arithmetic mean (UPGMA)

+ Assume each organism is its own group
* Repeat the following step
- Merge together the two closest groups
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Multiple Sequence Alignment
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lHomo/1-109
Mus/1-109
Drosophila/1-109
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‘ Constructing a Phylogenetic Tree

. Q\

When analyzing a set of data, there are many possible
phylogenies to consider. We would like to identify a
good (the best) phylogeny.
I caAG
IT GAAT
IIT CATG
IV GAAG

-
R e e o T o O e

CAAG GAAT CATG GAAG CAAG CATG GAAT GAAG CAAG GAAG CATG GAAT
I Ir o v IIr I Iv I 2N R v

‘ Constructing a Phylogenetic Tree

. Q\

Character based methods are one type of approach for
constructing a phylogenetic tree.

Character based methods are often based on the idea
of maximum parsimony.

"IT IS VAIN TO DO WITH MORE WHAT CAN BE DONE WITH FEWER"
OR
Principle of parsimony
OR

..smallest number of evolutionary changes...
Optimality criterion: The 'most parsimonious’ tree is the one that

requires the fewest number of evolutionary events (e.g., nucleotide
substitutions, amino acid replacements) to explain the sequences. &-16




'/ \ ] Character Based Methods
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Maximum Parsimony Methodology

Step 1: Identify informative sites

Sites with at least two different characters at
the site, each of which is represented in af
least two of the sequences

I caaG
IT GAAT
IIT CATG
IV GAAG
[4] [s]
CAAG 1 GAAG GATG
| CAAG |2 1| CAAG |1 | CAAG 1' GAAG | 1' GAAGl GATG |2
CAAG GAAT CATG GAAG CAAG CATG GAAT GAAG CAAG GAAG CATG GAAT
I I v o m IV T A S -

Site
Seq. 1 2 3 4 5 6 7 8 9
I A A 6 A 6 T TCA
IT A 6 €C C 6 T T C T
IIT A 6 AT A T C C A
Iv A 6 A 6 AT C C T

E-18
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Maximum Parsimony Methodology

Step 1: Identify informative sites

Sites with at least two different characters at
the site, each of which is represented in af
least two of the sequences

Site
Seq. 1 2 3 4 5 6 7 8 9
I A A 6 A 6 T T C A
IT A 6 C ¢ 6 T T C T
IIT A 6 AT A T C C A
Iv A 6 A 6 AT C C T
I ] I E-19
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| Sites Where All Trees Require the Same
Number of Changes Are Not Informative

Tree IT

Tree IIT

I Ir IIr v I IIT II v I v Ir IIT
Site
Segq. 1 2 3 4 5 6 7 8 9
I A A 6 A 6 T T C A
IT A 6 C ¢C 6 T T cCc T
ITT A 6 AT A T €C C A
Iv A 6 A 6 AT C C T
S B




Sites Where All Trees Require the Same
Number of Changes Are Not Informative

Tree I Tree IT Tree IIT
I ririrrl
Ir IIT v I IIT II Iv I Iv Ir IIT
. Site
Seg. | 1 2|3|4 5 6 7 8 9
I A A|lG|A 6 T T Cc A
IT A G|C|lC 6 T T ¢ T
IIT A G|IA|T A T € C A
IV A G|A|6 A T C C T
i R

Sites Where All Trees Require the Same
Number of Changes Are Not Informative

Tree I Tree IT Tree IIT
1| A I | A I | A I
B e
1 1 1 1 1
G c A A G A o] A G A o] A
I Ir IIT v I IIT II Iv I Iv Ir IIT
. Site
Seg. | 1 2|3|4 5 6 7 8 9
I A A|G|A 6 T T Cc A
IT A G|C|lC 6 T T ¢ T
IIT A G|IA|T A T € C A
IV A G|A|6 A T C C T
i R

| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Tree I Tree IT Tree IIT
| 1111
Ir IIT v I IIT II Iv I Iv Ir IIT
Seg. | 1 2 3 4|5|6 7 8 9
I A A 6 A|lG6G| T T Cc A
IT A 6 C C|l66| T T Cc T
IIT A 6 A T|A|T € Cc A
IV A 6 A GIA|T C€C ¢ T
T 1

| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Tree I Tree IT Tree IIT
NN
1 1 1 1
G G A A G A G A G A G A
I Ir IIT v I IIT II Iv I Iv Ir IIT
Seg. | 1 2 3 4|5|6 7 8 9
I A A 6 A|lG6G| T T Cc A
IT A 6 C C|l66| T T Cc T
IIT A 6 A T|A|T € Cc A
IV A 6 A GIA|T C€C ¢ T
T 1




| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Tree I Tree IT Tree ITI
|l | ]
T T c c T T c T c T c
I Ir IIr v I IIT Ir Iv I v II IIT
Site .
Segq. 1 2 3 4 5 6|78 9
I A A 6 A 6 T|T|C A
IT A 6 C C 6 T|T|C T
ITT A 6 AT A T|C|C A
Iv A 6 A 6 A T|C|lC T
I

| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Tree I Tree IT Tree IIT
| T Il | T I | T I
S O S O e e
1 1 1 1
T T c c T c T c T c T o]
I Ir IIT v I IIT II Iv I Iv Ir IIT
Site .
Seg. | 1 2 3 4 5 6|7|8 9
I A A 6 A 6 T|T|lcCc A
IT A 6 C C 66 T|T|lC T
IIT A 6 AT A T|C|C A
IV A 6 A 6 A T|C|lC T
I

| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Tree I Tree IT Tree ITI
L
A T A T A A T T A T T A
I Ir IIr v I IIT II Iv I v II IIT

Site -
Segq. 1 2 3 4 5 6 7 8|9
I A A 6 A 6 T T C|A
IT A 6 C C 6 T T c|T
ITT A 6 AT A T C C|A
Iv A 6 A 6 AT C C|T
I B

| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Tree I Tree IT Tree ITI

o e B N R e O
1 1 1 1
A T A T A A T T A T T A
I Ir IIT v I IIT II Iv I Iv Ir IIT
Site .
Seg. | 1 2 3 4 5 6 7 8|9
I A A 6 A 6 T T C|A
IT A 6 C C 6 T T ¢c|T
IIT A 6 A T A T € C|A
IV A 6 A 6 AT C C|T
I i




Maximum Parsimony Methodology

Step 2: Calculate minimum number of substitutions
at each informative site

Step 3: Sum number of changes at each informative

How Confident Are We In Our Tree?

Bootstrapping: Given a particular tree, how consistently
does a tree-building algorithm find that branching order
using a randomly sampled version of the original dataset?

[ Stephavostema
site for each possible tree — Wrghta
Nerium
. . —_—  Stophawus
The tree with the least number of total changes is [— Mescarnbasi
H H Fachypodi
the most parsimonious tree T P
LCI Frestonia
Pefopenfia
Number of Changes at Each Informative Site Periploca
Apocyram
‘ 5 7 9 ‘ )3 /__) Beaumontia
Tree I 1 1 2 4 Trache!‘ospe.rmum
Tree IT 2 2 1 5 | | | | gi::z::::denm
Tree ITT 2 2 2 6 Secamone
I Ir IIT Iv E-29 Stephavofis E-30
. |
Random Sampling .i \ . Bootstrapping
Adenium and Nerium were grouped
H H b) together in 98% of the trees built from
2 3 45 6 7 8 9 1011 12 How reliable is our tree: randomly sampled sequences
Repeat the following many times: / — Stephanostema
Stephavostema — Wrightia
wrigita «  Generate a new set of - Adenan
Herium sequences by randomly sampling ————————————— Strophantius
[ Stropharthus P Mascarenhasia
ophartns the original sequences w| T Pactypediio
. L Pactypodun +  Construct a tree for the new Mandevilla
Resarnp/e with Mandevilia !
replacement ! set of randomly sampled }’j’;;;’:;ﬂ
ief?p‘enﬁ'a S eq uences 100 Periploca
eriploca
6 12 4 9 7 5 3 11 1 12 Apogmm * Compare the new tree (based on Apocyrm
Beaumontia H Beaumontfia
. 5 Trachelospermum fhe !"andom Sequences) WlTh The Trachelosper mum
Build tree with Rhabdadania original tree (based on the %L Rhabdadenia
Baissea .. Bai
pseudosample Saissea original sequences) and _ Baissea
_ Stepharoti determine how many times the 7o L Stephanotis

same tree structures were
recovered E-32




